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AN ANALYSIS OF RECEPTION VARIABILITY DUE TO TERRAIN
MULTIPATH ON MICROWAVE COMMON CARRIER LINKS

E. J. Dutton, T.G. Hoople and M.P. Roadifer'

The error variability of received PSK (MSK), QAM and QPR modulations on digital
microwave common carrier links resulting from transmitted power variations and the dispersive
effects of terrain multipath using a two-ray model is analyzed. These results and an earlier
prediction of long-term (annual) average symbol error rate (SYE) for the above modulations are
used to predict median annual received symbol error rate. Since the average SYE was used earlier
to represent median conditions, average and new median SYE's are compared.

Year-to-year variability of received power and BER of common carrier microwave
transmissions caused by variation of annual refractivity gradient distributions on off-axis paths is
also analyzed, and it is concluded that this variability is not significant vis-a-vis the annual
variability discussed above.

Key Words: Digital modulation, error rate variability, microwave links, reception
variability, refractivity gradient distributions, terrain multipath.

L Introduction and Background

Digitally modulated common carrier microwave terrestrial communication links, usually
employ one of the following modulation types:

a) multiple phase-shift keying (M-PSK,M =4)
b) multiple quadrature amplitude modulation (M-QAM)

'The authors are with the U.5. Department of Commerce, National Telecommunications and Information Administration,
Institute for Telecommunication Sciences, Boulder, Colorado 80303,



c) multiple quadrature partial response (M-QPR) or

d) minimum phase-shift keying (MSK).
At ITS we have developed modeling (e.g., Dutton, 1991) that predicts the symbol error rate for
these digital modulation types; however, this modeling has developed an error result based on
long term averages of signal-to-noise ratio (SNR) and signal-to-interference ratio (SIR). While
this result is useful for predicting the receivability (e.g., relative to a bit-error-rate, BER, of
107) of a microwave link in the presence of a persistent, long-term terrain multipath component
when terrain reflection is treated as co-channel interference, it gives no information on the time-
variability of this multipath. Hence, it is not possible to infer that the results given in Dutton

(1991) for SYE are median annual results, other than by arbitrary assumption.

In the analysis that follows, it will be necessary to make some assumptions as well.
First, it will be assumed that the SYE value discussed above represents the long-term average
value; whereas, in fact, it is only a value determined by the long-term averages of SNR and
SIR -- not necessarily the average itself. This is somewhat unfortunate, but it is the only
estimate we have of the average SYE at this time. Second, the entire variance analysis is based
on terrain reflection coefficient variability. Thus, while we are now able to infer some of the
intersymbol interference (ISI) effects caused by terrain multipath, we are still unable to predict
the ISI effects caused by atmospheric multipath. However, we will be able to predict the median
SYE caused by both multipath types which is a decided improvement over our earlier situation.
This is because the median (50 percent level) multipath is not likely to be affected by
atmospheric layering, which occurs less than 50 percent of the time in the U.S.A. in all but the
rarest instances (Dougherty and Dutton, 1981, pg. 17, Figure 8). In other words, we assume
that the median SYE predicted from terrain multipath is representative of the median SYE for

both terrain and atmospheric multipath types.



2. Variability of Terrain Multipath

We shall consider "instantaneous" power to be the power averaged over one symbol

interval, T. The variance, Var(p,) of the received instantaneous power, p, is then

var(p,) = {(p, - P,)? ) = (p7) -(B;)? (1)

where P, is the long-term average received power. Proakis (1989, Pg. 276) represents the
minimum power in a pulse amplitude modulated (PAM) pulse by £/T, and gives the long-term
average power in a (transmitted) PAM pulse, when there are VM PAM levels (M = 4, 16, 64,

... 2™ where n is an integer =1) as

where £ is the energy in a pulse of duration, T. Here M is the order of M-QAM (composed of
two PAM pulses in quadrature). Hence, the long-term average transmitted power, p,, of an M-
QAM pulse will be

D, = % (M-1) % ; (2)

M-QAM and M-QPR are the modulation types that are of variable amplitude. The
P, of M-QPR is given by (27). M-PSK and MSK do not vary in amplitude; thus, in these two

Cases

= & 3. (3)



After transmission, the signal will suffer a power change, a, in the transmission medium before

reception. In the atmosphere this change can be expressed as

a;gngRd
- 2 9raTra (4)
T T,

where a’ is the atmospheric attenuation, gy and gg, are the power gains of the transmitter and
receiver antennas, respectively, of the direct path between transmitter and receiver, {, is basic

transmission loss along the path, and £, is equipment (waveguide) loss.

If we now represent the unwanted (interference) signal power as U, we can consider it

at any given time to be the sum
U =1+ AU, (5)

where [ is the long-term (annual) mean interference power, and AU is a fluctuating component

about I. We shall assume that all the received power, p,, can be expressed as

pp=W+1U (€)
where W is the wanted received power, and where, clearly

W = ap,. (7)

It is straightforward, using frequency domain analysis and the propagation medium transfer

function of two-ray multipath, to obtain the "instantaneous" unwanted received power, as

U=ap, {b%p? + 2bp cos (Ad)} , (8)



